Whether a system of imagery for olfaction exists is currently an unsettled issue. Moreover, the dimensions underlying odor perception have eluded researchers for many years. Two experiments bearing on these issues are presented. In one experiment, a group of 32 undergraduates rated the similarity of pairs of 16 commonplace odorants (e.g., chocolate and leather) they perceived using scratch and sniff stimuli; in another, a different group of 44 undergraduates was asked to imagine and then rate the similarity of the same pairs of odors. Multidimensional scaling of the data suggests that three-dimensional solutions with similar stimulus dimensions, such as fruitiness, strength, and familiarity, underlied the ratings of both perceived and imagined odors. By finding that similar dimensions define the psychological space of both the imagery and the perception tasks, this study suggests that imagery does indeed exist for olfaction.
Many have remarked on the uncanny ability of smells to revive long-forgotten memories (e.g., Engen, 1987; Laird, 1935) . Some researchers have shown a relationship between odor and emotion experimentally (e.g., Ehrlichman & Halpern, 1988; Hvastja & Zanuttini, 1989; Kirk-Smith, Van Toller, & Dodd, 1983) . Neuroanatomically, compared with the other senses, the olfactory system is not nearly as connected with the neocortex and has many more direct connections with the limbic system, where emotion and affects are regulated (e.g., Kandel & Schwartz, 1985) . This and other facts have given rise to a debate over whether olfaction is fundamentally different from the other sensory modalities. There are somewhat contradictory findings with regard to the similarities and differences between olfaction and the other senses. Furthermore, whereas for some modalities the existence of a corresponding imagery system is acknowledged, the existence of olfactory imagery is still an unsettled issue.
The experiments reported in this article address three main issues. First, if olfaction is similar to other sensory modalities, the characteristics or dimensions of stimuli pertinent to odor perception should be identifiable, as they have been for other modalities. Nonetheless, this fundamental goal of olfactory research has been elusive, in part, no doubt because of the relative paucity of our vocabulary for smells. To circumvent this vocabulary problem, in one experiment we made use of multidimensional scaling (MDS) in an attempt to identify the dimensions that emerge when a group of subjects perceive and compare a broad sample of odors. A second unresolved issue is whether olfactory imagery exists. To obtain data on this issue, in another experiment with another group of subjects we again used MDS to elicit the relevant dimensions in an olfactory imagery task. Third, by comparing the results of these two experiments, we were able to study whether common dimensions underlie our subjects' perception and imagery of odors; this is relevant to the question concerning the (im)possibility of imagining ("olfactizing") odors.
Perception
Recent work on odor perception has begun to emphasize the similarities between the sense of smell and other senses. For example, whereas it was previously believed that odor perception possessed a differential threshold (JND) of about 25%, recent findings suggest that this belief was mainly due to physical noise of the stimuli produced by random fluctuations in the vapor-phase concentrations and not to an inherent inability to discriminate between odors. Using an olfactometer, the difference threshold has been found to be about 11%, which is comparable to that of brightness in vision and loudness in audition (Cain, 1977a) . It should be noted, however, that odorant type also influences the differential thresholds (see Cain, 1977a Cain, , 1977b Stone & Bosley, 1965; Wenzel, 1949) . Olfaction is also similar to the visual and auditory modalities with regard to age-related changes: Olfactory sensitivity deteriorates with age (e.g., Cain & J. Stevens, 1989; J. Stevens & Cain, 1987) , and the effect of age becomes more pronounced through repeated testing (Cain & Gent, 1991) . Peak performance in olfactory identification occurs between the third and fourth decades of life, and the overall age decay curves for this ability are analogous to those of vision and audition .
Likewise, olfactory memory was thought to differ from other forms of human memory. For instance, it was considered to be immune to interference from backward counting tasks, to lack a short-term memory store (Engen, Kuisma, & Eimas, 1973) , and to have a unique flat forgetting curve, that is, poor initial scores and high retention over time (Engen & Ross, 1973) . Recent findings, however, indicate that distractor odors interpolated between odor learning and testing decrease memory performance (Walk & Johns, 1984) , a short-term store for odor intensity seems to exist (Barker & Weaver, 1983) , and the forgetting curves of both odors and ambiguous, undefined shapes are similar (Lawless, 1978) . For a recent review of odor memory, see Schab (1991) .
Given that perception and memory for smells seem to be similar to those of other modalities, identification of perceptual dimensions in the case of olfaction would be desirable. Nonetheless, this task has proved to be vexing. Some of the pertinent dimensions of visual stimuli are known to be brightness, hue, and saturation; of auditory stimuli, pitch and loudness. Even taste has a rough model (sweetnessbitterness and saltiness-sourness), with a possible neural basis for at least the sweetness-bitterness elements (Boudreau, Oravec, & White, 1981) . However, even though many researchers over the last century have proposed frameworks to relate similar odors to common chemical properties, there is still no structural model to account for the varying characteristics of odors. Early classifications of odors were proposed by Henning (1916) and by Crocker and Henderson (1927) . The former considered the six elements of his smell prism (flowery, putrid, fruity, spicy, tarry, and resinous) analogous to the building blocks of the primary colors, and the latter proposed four characteristics: burned, acid, fragrant, and caprylic. Amoore (1970) proposed a stereochemical ("lock and key") schema as a model for the molecular basis of the seven "primary" odors. Although none of these categorizations has achieved wide acceptance, it is generally agreed that stereochemistry plays at least some part in determining odor quality (Cain, 1988) . These attempts to analytically reduce to a set of basic qualities what is seen as "unitary" perceptual events (Engen & Ross, 1973) have some support. The notion that primary odors may exist is strengthened by findings that certain individuals suffer from specific anosmias; for example, the inability to detect a musklike odorant may be genetically determined (Wysocki & Beauchamp, 1984) .
One of the most serious obstacles to the identification of olfaction's dimensions is the fact that there exists no acceptably reliable verbal classification scheme; there is a lack of a universally endorsed system of odor classification (e.g., Engen, 1982; Harper, Bate Smith, & Land, 1968; Lawless, , 1989 Levine & McBurney, 1983) . Lawless (1989) , however, has pointed out that consistencies found in a variety of applied studies, which used different odor evaluation methods and different stimuli sets, suggest that developing a general system of classification is possible. Odor terms such as fruity, spicy, floral, and green have been identified in studies dealing with multivariate analyses of perfumery compounds and terms (Chastrette, Elmouaffek, & Zakarya, 1986) , cluster analysis of perfumery terms (Chastrette, Elmouaffek, & Sauvegrain, 1988) , empirically established descriptive systems for fragrance evaluation of household products (Civille & Lawless, 1986) , and factor analysis of fragrance compounds (Jeltema & Southwick, 1986) .
It is certain, though, that in contrast to visual stimuli, which are described by a rich vocabulary, odor stimuli are described by a rather limited set of adjectives. As Engen (1987) has commented:
Considering this difficulty in naming, it is curious that odor classification has dominated research in olfaction. The working assumption is that stimuli cause sensations of certain qualities which subjects can describe and categorize. What is basically wrong with this approach is its emphasis on words, which have but a tenuous connection to odor perception, (p. 498) One way to avoid this problem is to use MDS techniques. Because MDS analyses are not dependent on verbal input (e.g., Kruskal & Wish, 1978; Young & Hamer, 1987) , they are an ideal application to olfactory data. No judgment criteria are specified so as to encourage a more precise recreation of the way in which odors occupy the "psychological space" in a particular subject's perception. Instead of semantic responses, MDS uses similarity judgments to organize the position of each stimulus in a spatial configuration. Experimenter bias is eliminated, and unanticipated criteria are allowed to emerge. Of course, we are well aware that the psychological space derived from a given experiment is affected by the sample of stimuli used as well as by the expertise of the subjects. After the psychological space has been outlined, experimenters are free to interpret the dimensions as they see fit, and other researchers may reinterpret them, because any given interpretation is only a best estimate.
Previous studies that have used MDS to study odor quality have found the following dimensions to be relevant: fruity (Moskowitz & Barbe, 1976; Schiffman, 1974a Schiffman, , 1974b , foodlike-nonfoodlike (Moskowitz & Barbe, 1976) , sharpness or burning (Schiffman, Robinson, & Erickson, 1977) , pleasantness-unpleasantness (B. Berglund, Berglund, Engen, & Ekman, 1973; Jones, Roberts, & Holman, 1978; Schiffman, 1974a Schiffman, , 1974b Schiffman et al., 1977; Woskow, 1968) , spiciness (Schiffman, 1974a (Schiffman, , 1974b woody, citrus, and intensity (Lawless, 1989) . Some of these studies, however, have used sets of odorants with obvious groupings between them. For instance, in Moskowitz and Barbe's study, all of the odorants were household food odors, and half of them were either fruits or meats, and in Lawless's study each odorant was selected a priori on the basis of its proximity to a woody or citrus odor quality. The dimensions gleaned from such experiments seem restricted to these limited odor sets. The use of a broader range of odors could provide more general dimensions relevant to olfactory classification; such is a purpose of this study.
Whereas many of the experiments that have used MDS have aimed to identify trends leading to the eventual isolation of the physicochemical building blocks of odor quality, this study is not concerned with the identification of chemically mediating factors in odor judgments. Rather, by using a relatively heterogeneous stimuli set, the degree to which the dimensions underlying a group of subjects' odor perception could be explained by odor attribute ratings (e.g., pleasantness, familiarity, spiciness) was explored.
Perception and Imagery
Most general theories of imagery acknowledge the existence of imagery systems for modalities other than vision (e.g., Farah, 1989b; Paivio, 1986; Shepard, 1975) . Although research has not always supported the existence of an olfactory image system (Engen, 1982; Schab, 1990) , some research suggests that such a system may exist (Algom & Cain, 1990 , 1991 Andreani, 1988; Crowder & Schab, in press; Lyman & McDaniel, 1986 , 1990 McDaniel, 1988) . Lynian and McDaniel (1986) suggested that the internal representations of odors are stored in an independent olfactory imagery system that reflects the perceptual features of the stimuli. More recently, they have found that subjects who used olfactory imagery performed better on an olfactory recognition test than those who used visual imagery, and inversely, those who used visual imagery performed better on a picture recognition task (Lyman & McDaniel, 1990) . These researchers attributed the transfer-appropriate effects they found to the existence of "a functional equivalence between imagery and perception" (p. 662) and interpreted their results as support for the idea of modalityspecific imagery systems (e.g., Brooks, 1967 Brooks, , 1968 Farah, 1989b; Segal & Fusella, 1970) ; moreover, they extended the evidence for this modality-specific imagery system to the olfactory domain.
In a recent article, Schab (1991) has stated that "there is no unambiguous empirical evidence supporting an ability to image odors" (p. 242). However, he does consider some findings to be consistent with an ability to image odors. For instance, odor memory is impaired following odor imagery instructions for distractor stimuli (Crowder & Schab, in press) , and psychophysical power functions for perceived and remembered odor intensities are parallel; that is, they map onto physical stimuli in the same way, supporting the view that memory and imagery processes may mirror perceptual processes (Algom & Cain, 1990 , 1991 .
Much of the recent work on imagery has focused on the similarities between perception and imagery. Imagery is functionally equivalent to perception to the extent that similar mechanisms in the visual system are activated whether objects or events are imagined or actually perceived (Farah, 1989a (Farah, , 1989b Finke, 1989) . Shepard (1975) reported that similarity judgments between real and imagined objects are found to be essentially the same whether the objects are actually presented or only named. This was the case, for instance, for shapes of 15 of the states of the United States that were compared using MDS (Shepard & Chipman, 1970) , as well as for photographs of faces of well-known political figures (Gordon & Hay ward, 1973) .
Though most of the research has been within the visual modality, it is plausible that a close perception-imagery relationship could be present in other modalities as well. The use of MDS in the comparison of the underlying structures of perceived and imagined stimuli has been recommended (Finke & Shepard, 1986) . Studying whether common dimensions underlie perception and imagery is relevant to the question concerning the (im)possibility of imagining odors. MDS provides an ideal means of testing the relationship between olfactory perception and olfactory imagery, because it allows for a comparison of the interstimulus space in both conditions. This study explored the relationship between olfactory perception and olfactory imagery. Subjects made similarity judgments of pairs of perceived or imagined odorants. Similarity judgments are the primary means for recovering the underlying structure of relationships among a group of stimuli (Schiffman et al., 1981) . They are also considered psychologically fundamental and less prone to biases resulting from language (e.g., Carroll & Wish, 1974; Tversky, 1977) . Using MDS, we obtained both the psychological space that describes one group of subjects' perception of the stimuli (Experiment 1) and the psychological space describing another group's imaging of those same stimuli (Experiment 2); finally the two MDS spaces were compared. It stands to reason that if subjects are able to imagine the odors, a correspondence would be found between the psychological spaces derived from the similarity ratings of the perceived odors and those of the imagined odors. Because previous MDS research has shown female subjects to be more consistent than male subjects in odor judgments (Gilbert, Greenberg, & Beauchamp, 1989) , we also hypothesized that the female group may be more consistent in both the perceptual and the imagery conditions.
Experiment 1
The purpose of this experiment was to obtain the psychological space within which a given group of subjects organize the odorants they perceived. In Phase 1, to assist in interpretation of the psychological space derived from the similarity judgments of Phase 2, a group of subjects rated each of the physical odorants used in terms of 12 descriptors. In Phase 2 a second group of subjects made similarity judgments of pairs of perceived odorants, and MDS was used to investigate what dimensions were relevant.
Phase 1
To assist in interpretation of the psychological space derived from the similarity judgments, ratings of 12 descriptors for each of the 16 odorants used in Phase 2 were obtained.
Method
Subjects. Thirty Wesley an University undergraduates (17 women and 13 men) participated in fulfillment of a requirement for an introductory psychology course. Subjects were nonsmokers and had not recently been ill. The subjects were naive as to the purpose of the experiment.
Materials. Subjects were given 16 odorants, microencapsulated strips chosen from among those used in a "scratch and sniff' test (University of Pennsylvania Smell Identification Test [UPSIT] , commercially termed the Smell Identification Test, Sensonics, Inc., Haddonfield, NJ): bubble gum, menthol, cherry, mint, banana, clove, leather, coconut, fruit punch, licorice, cheddar cheese, gasoline, strawberry, cedar, chocolate, and gingerbread. There is a large body of normative data regarding the characteristics of these stimuli, which include ratings of intensity (strength), familiarity, irritation, pleasantness, and coolness, for both women and men of different age groups (Doty, Shaman, & Dann, 1984) .' Subjects were also given 16 lists (one per odorant) that contained 12 descriptors in a randomized order: familiarity, pleasantness, frequency of exposure, recency, sharpness, strength, irritation, warm-cool, foodlike, fruitiness, spiciness, and the location of the referent object (the likelihood of it being found insideoutside the home). Some of these descriptors are nonsensorial (e.g., familiarity), but because they play an important role in odor recognition, and given that early efforts to find the perceptual dimensions for olfaction have not been all that fruitful, these descriptors were included to allow for common dimensions to emerge in both conditions, perception and imagery.
Familiarity has been considered the most basic level of odor recognition (Schab, 1991) : It is related to more accurate identification (Desor & Beauchamp, 1974; Goldman & Seamon, 1992) , quicker association to an odor (Lawless & Engen, 1977) , slower forgetting (Rabin & Cain, 1984) , better quality of label, which in turn leads to more accurate identification (Rabin, 1988; Rabin & Cain, 1984) , and greater ability to link the odor in a paired association task (Davis, 1975) ; pleasantness was chosen as a descriptor term based on its successful use in other odor MDS research (e.g., B. Berglund et al., 1973; Jones et al., 1978; Schiffman, 1974a Schiffman, , 1974b Schiffman et al., 1977; Woskow, 1968) , and frequency and recency were chosen because it was thought that they might play a mediating role in either or both of these other two attributes. Sharpness, strength, and irritation were included so as to provide a good semantic approximation of stimulation of the common chemical sense, the "tickling" or "burning" nasal experience mediated by the trigeminal nerve, which is related to touch and pain as well as to olfactory sensation.
2 Even though its neural pathways are essentially dissociated from the olfactory nerve, the trigeminal nerve is consistently found to play an important role in olfactory judgment (cf. Cain, 1988; Engen, 1982) ; furthermore, sharpness-burning was found to be a relevant odor quality dimension (Schiffman et al., 1977) , and perceptual data for strength, irritation, and warm-cool have been compiled by . Intensity or strength has been found to be a relevant dimension for fragrance categories and ambiguous odors (Lawless, 1989) , as well as for flavor perception of fruits and vegetables (D. Stevens & Lawless, 1981) . The attributes of foodlike (Moskowitz & Barbe, 1976) , fruitiness (Moskowitz & Barbe, 1976; Schiffman, 1974a Schiffman, , 1974b , and spiciness (Schiffman, 1974a (Schiffman, , 1974b had each been suggested as dimensions by previous MDS studies. Fruitiness and spiciness have also been identified in a series of applied studies (Chastrette et al., 1988; Chastrette et al., 1986; Civille & Lawless, 1986; Jeltema & Southwick, 1986; Lawless, 1989) . The "location" of the odoremitting objects (inside-outside the home) was used to test the proposition that "in general, odor perception is not organized by nouns but around the similarity of objects causing odors and especially the contexts in which odors usually occur" (Engen, 1987, p. 502) , as well as the idea that the natural function of our olfactory experience is to identify the sources of individual odors, not the individual odors per se (Richardson & Zucco, 1989) .
Procedure. Participants were instructed to scratch and sniff each odorant before rating it on the basis of each of the attributes of the list. For each odorant, subjects were instructed to indicate how they found the to-be-smelled odorant, using a scale from 1 to 7, with 1 being the least and 7 being the most . Both the order of the 16 odorants and the order of the 12 ratings of each list were randomized for each subject. Subjects spent about 3^4 mm completing each list and rested for 1 min before proceeding to smell the following odorant. There were three 4-min resting periods after 4, 8, and 12 odorants had been rated.
After the subjects had finished rating all the odorants, they were asked to identify them in the following manner. Each subject was given a bag containing a complete set of the 16 odorants (which were coded with a number from 1-16) and a 16-slot fill-in-theblank form. The subject randomly drew each stimulus from the bag, smelled it, and then wrote an answer in the corresponding blank of this form.
Results
To see whether our data replicated previous perceptual ratings obtained with the same UPSIT stimuli, we compared our ratings with a second group of measures drawn from a study conducted by Doty et al. (1984, indicated Table 1 .
Among these perceptual ratings, the measures of irritation, irritation D , pleasantness, pleasantness D , fruitiness, foodlike, and sharpness all show close correspondence (p < .05, except for foodlike-sharpness). These measures may represent a more general underlying quality. Although previous studies have found familiarity and pleasantness to correlate significantly Engen & Ross, 1973) , in the present experiment no significant relationship emerged.
The odorants were identified correctly by the following numbers of subjects (out of 30): gingerbread and fruit punch, 1; leather, 4; gasoline, 5; cedar and banana, 8; strawberry, 9; cherry, 11; bubble gum, clove, coconut, and cheddar cheese, 12; menthol, 13; chocolate and licorice, 22; and mint, 24 (x = 11; 8 = 6.9). Thus, even though all subjects had already performed 16 ratings on each odorant, on average each odorant was identified by only a third of them. It has been shown previously that people are not good at naming even very familiar odors (e.g., Engen, 1987) . During the debrief period, we learned that while attempting to identify the stimuli practically all subjects experienced the "tip of the nose" phenomenon, that is, knowing that an odor is familiar but being unable to name it (Lawless & Engen, 1977) .
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Phase 2
Subjects made similarity judgments of the odorants; MDS was used to investigate what dimensions were relevant for the perceived odors used here. The ratings gathered from Phase 1 aided in the identification of dimensions.
Method
Subjects. Thirty-two Wesleyan University undergraduates (16 women and 16 men) participated in fulfillment of a course requirement for introductory psychology. Subjects were nonsmokers and had not recently been ill. The subjects had not participated in Phase 1 and were naive as to the purpose of the experiment.
Materials. The same 16 odorants used in Phase 1 were used in this phase.
Procedure. Subjects were told that the experiment involved smelling various odorants and rating them in terms of similarity. All 120 nonduplicate pairings of the stimuli were presented, in different random order for each subject, every 18-20 s. Subjects were given the two stimuli of each pair and asked to scratch and sniff them, one after the other. The pairs were rated on the basis of similarity judgments, on a scale of 1 (most dissimilar) to 7 (most similar). Subjects were told that they could use whatever criteria they wished in order to make their similarity judgments; in the visual domain, for instance, the ratings might be made in terms of size, color, use of the object, shape, and so forth. Some examples were provided to illustrate this scale; for instance, a book and a notebook would have a higher similarity rating than a book and a boat, an elephant and a chicken would be more similar than an elephant and an asparagus. There were four 4-min resting periods after 24, 48, 72, and 96 trials had been completed.
Results
To create an MDS spatial configuration, pair similarity judgments were analyzed using the SPSS version of the ALSCAL program (Young, Takane, & Lewyckyj, 1980) , which assumes that subjects will vary in the importance they assign to each criterion (Young & Hamer, 1987) . A nonmetric, weighted Euclidean distance model was specified, along with ordinal, matrix conditional, untied data. Two-, three-, and four-dimensional stress were .16, .10, and .06, and the respective R 2 values were .87, .93, and .96. Stress measures the square root of the residual variance from the difference in the fit between the model and the scaled data (the "badness of fit"), and R 2 represents the squared correlation in distances that measures the proportion of variance of the data in the matrix. Based on both stress and R 2 values, three dimensions were selected as the most appropriate solution; they are shown in Figure 1 , and the two-dimensional components of the graph are broken down in Figure 2 , where the top panel depicts Dimensions 1 and 2 and the bottom panel depicts Dimensions 2 and 3.
A multiple regression analysis was performed to aid in interpretation of the MDS configuration (e.g., Kruskal & Wish, 1978; Lawless, 1989; D. Stevens & Lawless, 1981) . The mean attribute ratings for each perceived odorant obtained in Phase 1 served as dependent variables and were regressed against the MDS coordinates. Table 2 shows the multiple correlation coefficients and the optimum regression weights corresponding to each multiple correlation (direction cosines; the regression coefficients are normalized so that their sum of squares equals 1.0 for every scale). These direction cosines represent the angles at which vectors corresponding to the best fitting projection of the attribute ratings map or scale onto the MDS models. The vectors useful in interpreting the solutions were chosen based on the significance of the multiple correlation, the significance of the individual regression weights, and the orthogonality to other vectors; the chosen vectors are plotted in Figure 2 .
The three MDS dimensions correlated well with the perceived adjective ratings. Dimension 1 highly correlated with the perceptual attributes of fruitiness followed by pleasantness, which are significantly correlated with each other (Table 1) , as well as with irritation, sharpness, and foodlike; the second group of attributes, however, did not achieve orthogonality with the other vectors. Dimension 1, thus, was best characterized as fruitiness and pleasantness. As can be seen in Figure 2a , the fruits and fruit-related odorants (strawberry, cherry, banana, bubble gum, and fruit punch) cluster at the positive extreme of the fruitiness vector, whereas the nonfruit-related items (e.g., cedar, leather, mint, gasoline) are at the negative end of this vector. In a similar way, the fruits and other items such as chocolate and coconut are at the positive end of the pleasantness vector, and items such as mint, cedar, licorice, and clove are at the negative end of this vector.
The best fit of Dimension 2 with the perceptual attributes was accomplished by strength followed by warm-cool and sharpness; this last attribute was not orthogonal with Dimension 1. Hence, Dimension 2 was best represented by strength. As can be seen in Figure 2a , licorice, mint, clove, and gingerbread are at one end of this vector, whereas gasoline, leather, and coconut are at the other end.
Dimension 3 highly correlated with the perceptual attributes of familiarity, followed by spiciness, frequency, and inside-outside; foodlike and irritation, which also correlated with Dimension 3, did not attain orthogonality with Dimension 1. Dimension 3 was then best characterized as familiarity and spiciness. At the positive end of the familiarity vector (Figure 2b ), one can see licorice and chocolate together with a cluster of spicelike odorants (mint, clove, and gingerbread), whereas at the negative end of this vector, we find odorants like gasoline, cheddar, leather, and menthol. Except for chocolate, the same odorants are found at the respective ends along the spiciness vector.
The analysis performed on each individual subject matrix, using the SPSS version of INDSCAL (Young et al., 1980) , yielded the same three dimensions as the group matrix analysis, plus the overall importance of each dimension: Dimension 1 = 40%, Dimension 2 = 35%, and Dimension 3 = 25%. In addition to having the best fit to an axis, fruitiness was the greatest determinant of subjects' psychological space. Analysis of the separated women's and men's data within INDSCAL showed no significant differences either in stress or R 2 values, f(15) = 0.19, ns, and f(15) = 0.63, ns, indicating that women did not achieve greater consistency in their judgments of odor perception.
Discussion
The attribute-based correlations suggested dimensions of perceived fruitiness, pleasantness, strength, familiarity, and spiciness underlying judgments of perceived odor similarity. Of these dimensions, perceived fruitiness had the best fit to an axis. The identification of these dimensions corresponds to some previous MDS findings: Fruitiness is one of the dimensions that has been identified in MDS studies (Moskowitz & Barbe, 1976; Schiffman, 1974a Schiffman, , 1974b . In the applied literature, different methodologies have yielded the conclusion that fruitiness is a basic term in odor classification (Chastrette et al., 1988; Chastrette et al., 1986; Civille & Lawless, 1986; Jeltema & Southwick, 1986; Lawless, 1989) . Pleasantness has been identified in several studies (B. Berglund et al., 1973; Jones et al., 1978; Schiffman, 1974a Schiffman, , 1974b Schiffman et al., 1977; Woskow, 1968) . Intensity or strength of the odorants is one of the dimensions that has been found to underlie MDS scaling of fragrance categories and ambiguous odors (Lawless, 1989) , as well as flavor perception of fruits and vegetables (D. Stevens & Lawless, 1981) . Although the role of familiarity has not been previously examined in an MDS context, there is a large body of evidence for an influence of familiarity on odor judgments, recognition, and identification (e.g., Desor & Beauchamp, 1974; Goldman & Seamon, 1992; Lawless & Engen, 1977; Rabin, 1988; Rabin & Cain, 1984; Schab, 1991) . Spiciness has also emerged in another MDS study (Schiffman, 1974a (Schiffman, , 1974b and, like fruitiness, it has been convergently identified as a basic term in a variety of odor classification studies using diverse methodologies (Chastrette et al., 1988; Chastrette et al., 1986; Civille & Lawless, 1986; Jeltema & Southwick, 1986; Lawless, 1989) .
Experiment 2
This experiment was conducted to explore the relevant dimensions in an imagery condition of olfactory quality judgments. There were two phases analogous to those of Experiment 1: In Phase 1, one group of subjects rated each of the nominal odorants in terms of 12 descriptors. In Phase 2, another group of subjects made similarity judgments of nominal pairs of odorants, to explore what dimensions are relevant for imagined odors, as well as to test whether the same dimensions seem to underlie odor judgments under both perceived and imagined conditions.
Phase 1
To assist in interpretation of the psychological space derived from the similarity judgments, ratings of the 12 descriptors were obtained for each of the 16 imagined stimuli, corresponding to those used in Experiment 1. 
Method
Subjects. Fourteen volunteer Wesleyan University undergraduates, who had not participated in Experiment 1, and who were naive as to the purpose of the study, served as subjects.
Materials. The odorants and the attributes were the same as those used in Experiment 1: bubble gum, menthol, cherry, mint, banana, clove, leather, coconut, fruit punch, licorice, Cheddar cheese, gasoline, strawberry, cedar, chocolate, and gingerbread. Subjects were given 12 lists in a random order, one per attribute. Each list had the name of 16 odorants printed in a random order. Subjects were asked to rate each odorant on the basis of the 12 attributes.
Procedure. Participants were instructed to imagine the smell of each stimulus and to rate the imagined odorant according to the specified attribute measure. The experimenter read aloud the list of odorants and asked subjects to report whether they were familiar with the stimuli; all subjects were familiar with all the odorants used. Subjects were told that to imagine-does not always mean to visualize; rather, in this particular case, we wanted them to recreate the experience of smelling (because no specific word exists to refer to this recreation of the original experience of smelling something, we drew the analogy between visualization and olfactization and instructed the subjects to attempt to perform the latter). Rating scales ranged from 1 (least) to 7 (most). Both the order of the 12 attribute lists and the order of the names of the 16 odorants were randomized for each subject. Subjects were told to spend about 4-5 min completing each list. There were three 4-min resting periods after 3, 6, and 9 lists had been rated.
Results
Because no previous ratings for imagery had been obtained for the attributes used in this study, and for purposes of reliability, ratings were obtained from another group of 15 students for 4 of the 12 descriptors: familiarity, frequency, pleasantness, and recency. High correlations were found for these four attributes, ranging from .81 for familiarity to .94 for frequency (all p < .001).
Rank correlations for the perceptual (Experiment 1, Phase I) and imagery attribute ratings were obtained: The highest correlations were achieved by irritation and sharpness (p < .001), followed by fruitiness and spiciness (p < .002), inside-outside and warm-cool (p < .005), and foodlike (p < .05). Pleasantness, strength, recency, frequency, and familiarity did not reach significance; whereas the first two of these attributes fell just short of significance, the last three were far from being significant. The perceptual ratings from Doty et al.'s (1984) study followed the same patterns as the corresponding ratings from this study; that is, irritation D (p < .001) and warm-coolo (p < .005) significantly correlated with the respective imagery ratings, whereas pleasantness D , strength D , and familiarity D did not reach significance. This was expected in light of the high correlations achieved when comparing the attribute ratings of Experiment 1 with Doty's ratings (see above).
Interattribute correlations are presented in Table 3 . Among the imagery ratings, the measures of irritation, strength, spiciness, and sharpness all showed close correspondence (p < .005, all but spiciness-strength, p < .10). Fruitiness and foodlike are also highly related to these measures; perhaps they all represent a more general underlying quality.
Phase 2
Subjects made similarity judgments of all possible pairs of 16 imagined odorants; MDS was used to obtain the groups' psychological space of the odors they imagined. The ratings gathered from Phase 1 aided in the identification of dimensions.
Method
Subjects. Forty-four Wesleyan University undergraduates (23 women and 21 men) participated to obtain credit for an introductory psychology course. They had not participated in the previous phases of this study and were naive as to the purpose of this experiment.
Materials. A list of the names (no physical stimuli) of the 16 odorants used in Experiment 1 and in Phase 1 of this experiment was used for the imagery task. Procedure. Subjects were read the names of pairs of odorants and instructed to rate the pairs in terms of similarity of the imagined smells, on a scale of 1 (most dissimilar) to 7 (most similar). Instructions and examples given to subjects were the same as in Experiment 1. As in Phase 1, subjects were told that to imagine does not always mean to visualize; rather, in this particular case, we wanted them to recreate the experience of smelling (to olfactize the odors). After having ascertained that the subjects were familiar with the odorants, the to-be-imagined odorants were read aloud in pairs by the experimenter (e.g., cedar-gasoline, mintbanana), with each pair approximately 12 s apart. The order of all 120 nonduplicate pairing combinations was randomized in four different ways, one for each group of 10-12 subjects. As in Experiment 1, there were four 4-min resting periods after 24, 48, 72, and 96 trials had been completed.
Results
Specifications for the ALSCAL program were identical to those of the previous experiment. The two-, three-, and four-dimensional alternatives yielded Kruskal's Stress Formula 1 values of .31, .17, and .14, and the respective R 2 values were .40, .61, and .70. Based on both the stress and the R 2 values, the three-dimensional representation was chosen as the optimum solution; it is shown in Figure 3 , and the two-dimensional components of the graph are broken down in Figure 4 , where the top panel depicts Dimensions 1 and 2 and the bottom panel depicts Dimensions 2 and 3.
As in Experiment 1, a multiple regression analysis was performed to aid in interpretation of the MDS configuration (e.g., Kruskal & Wish, 1978; Lawless, 1989; D. Stevens & Lawless, 1981) . The mean attribute ratings for each imagined odorant obtained in Phase 1 served as dependent variables and were regressed against the MDS coordinates. Table 2 shows the multiple correlation coefficients and the optimum regression weights corresponding to each multiple correlation. These direction cosines represent the angles at which vectors corresponding to the best fitting projection of the attribute ratings scale into the MDS models. The vectors useful in interpreting the solutions were chosen based on the significance of the multiple correlation, the significance of the individual regression weights, and the orthogonality to other vectors; the chosen vectors are plotted in Figure 4 .
The three MDS dimensions correlated well with the imagined adjective ratings. Dimension 1 correlated with fruitiness, spiciness, sharpness, and foodlike; this last adjective was not orthogonal to Dimension 2. Fruitiness and spiciness best represent this dimension. Figure 4a illustrates that the imagined fruits (banana, strawberry, coconut) and the fruitrelated imagined odorants (fruit punch and bubble gum) cluster at the positive end of the fruitiness vector, whereas the nonfruit-related imagined odorants (leather, gingerbread, cedar, and clove) are at the negative end of this vector. For the spiciness vector, the spicelike imagined odorants (clove, mint, gingerbread, and menthol) as well as leather and cedar, which ranked high in this vector, are at one end, whereas the fruits (strawberry, coconut, banana, cherry) and chocolate are at the other end.
The best fit of Dimension 2 with the perceptual attributes was accomplished by strength and irritation, as well as foodlike; this last attribute was not orthogonal to the vector in Dimension 1. These three attributes are highly intercorrelated {Table 3). Dimension 2 was best characterized as strength and irritation. Dimension 3 highly correlated with the imagined attribute of familiarity, which thus characterizes this dimension. The imagined odorants that would be considered high in strength, irritation, and familiarity are located toward one end of these vectors, for example, the spices (clove, menthol, mint), bubble gum, and licorice. The other ends include those odorants that ranked low in strength, irritation, and familiarity, for example, cheddar cheese, chocolate, cedar, and strawberry (Figure 4b) .
The analysis performed on each individual subject matrix using the SPSS version of INDSCAL (Young et al., 1980) yielded the same three dimensions as the group matrix analysis, plus the overall importance of each dimension: Dimension 1 = 37%, Dimension 2 = 35%, and Dimension 3 = 28%. Analysis of the separated female and male data within INDSCAL showed the female group as having lower stress and higher R 2 values, r(20) = -4.32, p < .001, and ?(20) = 4.19, p < .001, respectively. That is, when no physical odorants were present, women were more consistent than men in their odor judgments. This finding corresponds to a previous MDS odor perception study, in which women were more consistent than men in their odor judgments (Gilbert et al., 1989) , but not to Experiment 1 of this study, which found neither sex to be more consistent.
Discussion: Compared Dimensions of Perception and Imagery
The degree of similarity between the relevant dimensions from the perception (fruitiness, pleasantness, strength, familiarity, spiciness) and the imagery (fruitiness, spiciness, strength, irritation, familiarity) experiments was examined. Indeed, the similarity ratings for all possible pairs of odorants obtained for perception (Experiment 1, Phase 2) and for imagery (Experiment 2, Phase 2; see Shepard & Chipman, 1970) were highly correlated (p < .001). Another measure of global configurational similarity that is independent of scaling and rotation is that of interpoint distance correlation , which was significant for both the similarity judgments (input data) and the MDS solutions (output configuration) (r = .80, p < .001, and r = .52, p < .001, respectively). The perception condition was substantially lower in group stress and higher in R 2 values than the imagery condition; that is, imagery judgments were more diffuse than those performed in the perceptual context. On the other hand, the similar R 2 values in the within-subjects conditions indicate that subjects showed similarity in their proportional use of existing dimensions.
How similar were the underlying dimensions for the perception and the imagery MDS spaces that emerged in this study? In both conditions, the dimension that accounted for the largest amount of variability of the data, Dimension 1, is related to the attribute of fruitiness. On the one hand, pleasantness was relevant for the perceptual condition but not for the imagery one; on the other hand, spiciness was relevant for the imagery condition but not for the perceptual one. A more direct comparison shows that Dimension 1 for perception and imagery strongly correlate (r = .80, p < .001). Notice that although there are some dissimilarities in Dimension 1 of the groups' perception and the imagery psychological spaces, the general pattern is the same: In both the perception (Figure 2a ) and imagery (Figure 4a ) conditions, banana, cherry, strawberry, bubble gum, fruit punch, cheddar cheese, coconut, and chocolate are clearly separated on the right half of the graph, and the other eight stimuli congregate on the other half. More specifically, leather, cedar, and clove are at the negative end, whereas banana, strawberry, and fruit punch are at the positive end. Thus, in addition to both being described by the same adjective descriptor, the two Dimension 1 elements are similar to each other in a more direct fashion. Fruitiness seems to be a cross-conditional mediator of judgments.
The Dimension 2 for perception and that for imagery did not significantly correlate with each other (p > .10). They are, however, related to a common dimension, namely strength. In both perception and imagery (Figures 2a and  4b ), chocolate and leather are at one end and licorice, mint, bubble gum, and fruit punch are at the other end of this vector. Dimension 3 also showed significant consistency across both perception and imagery experiments. Dimension 3 from the perception and from the imagery experiments correlated with each other (r = .61, p < .01) as well as with their respective familiarity attribute. For the perception experiment, spiciness was also a relevant dimension. In both dimensions, for instance, leather and cheddar cheese are at one end, whereas mint and licorice are at the other end of these vectors (Figures 2b and 4b) .
The attributes of fruitiness, strength, familiarity, and spiciness, thus, are cross-conditional dimensions, and they represent sources of consistency between perception and imagery-based odor judgments. It is worth noting that irritation (imagery, Dimension 2) and pleasantness (perception, Dimension 1) are interrelated in the perceptual ratings (p < .001; Table 1), the imagined ratings (p < .05; Table 3), and cross-conditionally (p < .01). It must be pointed out that labels assigned in MDS interpretations, though potentially of great explanatory value, are always best guesses and are never applied with absolute certainty on the part of the researchers (Young & Hamer, 1987) .
General Discussion
Experiment 1 found that one group of subjects' perceptual judgments of the odors we used seem to have been mediated by the perceptual attributes of fruitiness, strength, familiarity, pleasantness, and spiciness. Experiment 2 found that another group of subjects' imagery judgments of odors seem to have been mediated by imagined attributes of fruitiness, strength, familiarity, irritation, and spiciness. In both experiments, fruitiness seems to have been the dominant dimension. The results from both experiments correspond to dimensions found in other MDS studies on odor perception.
The comparison of the perceptual and imagery multidimensional spaces obtained here points to ways in which they may be similar, as well as to the areas in which there appears to be less correspondence. First we address the similarities. The most obvious similarity was the use of fruitiness in both conditions. This attribute has appeared in previous MDS analyses of odor perception (Moskowitz & Barbe, 1976; Schiffman, 1974a Schiffman, , 1974b , as well as in converging odor classification studies based on different methodologies (Lawless, 1989) , such as fragrance evaluation (Civille & Lawless, 1986) , factor analysis (Jeltema & Southwick, 1986) , multivariate analysis (Chastrette et al., 1986) , and cluster analysis (Chastrette et al., 1988) , but this is the first time such a dimension has been found in an imagery context. The respective Dimension 1 for perception and imagery showed a close relationship to each other, as well as to the attribute-based label they were assigned.
For Dimension 2 there was not a direct correlation between perception and imagery conditions; however, both were described by strength. This is suggestive of a second consistent cross-conditional dimension. Intensity or strength of the odorants is one of the dimensions that has been found to underlie MDS scaling of fragrance categories and ambiguous odors (Lawless, 1989) , as well as flavor perception of fruits and vegetables (D. Stevens & Lawless, 1981) . Perceptual data for strength as well as for irritation, also found to be relevant for Dimension 2 in the imagery experiment, have been compiled by .
Significant consistency across both perception and imagery experiments was also found in Dimension 3. Perceptual and imagery Dimension 3 not only significantly correlated with each other, but the same label was most applicable for both: familiarity. This is suggestive of a third consistent cross-conditional dimension. A variety of studies provide evidence for an influence of familiarity on odor judgments, recognition, and identification (e.g., Desor & Beauchamp, 1974 Goldman & Seamon, 1992; Lawless & Engen, 1977; Rabin, 1988; Rabin & Cain, 1984; Schab, 1991) , but its role had not been previously identified in an MDS context, neither in a perceptual condition nor in an imagery one.
Whereas in the imagery experiment pleasantness did not emerge as a significant dimension, in the perception experiment this attribute was relevant to define Dimension 1. Pleasantness has been identified in several perceptual studies (B. Berglund et al., 1973; Jones et al., 1978; Schiffman, 1974a Schiffman, , 1974b Schiffman et al., 1977; Woskow, 1968) . Although being a relevant attribute, it was not found to be the dominant one. This finding contrasts with those of a number of perceptual studies, in which this dimension has been found to dominate odor discrimination. This difference may be due to the use of a relatively heterogeneous stimuli set, because many of the "pleasantness" findings have emerged from experiments in which limited odorant lists were used. For example, Schiffman et al. (1977) found pleasantness to be the dominant dimension of their two-dimensional solution; nevertheless, the fact that almost half of their stimuli had been defined by the Merck Index on the basis of words such as agreeable, unpleasant, or revolting, may have biased their results toward identification of a pleasantness dimension. Similarly, as Jones et al. (1978) admitted, after finding pleasantness as a unidimensional solution for the MDS space of 11 spices, "No doubt the relatively homogeneous set of odors which we used as stimuli contributed to the amount of variance assignable to this dimension" (p. 5). The present results suggest that with a relatively heterogeneous group of odorants, pleasantness may not be the primary means of discrimination, whereas in more homogeneous samples it may become dominant. This hypothesis merits exploration.
Spiciness was also found to be relevant for both perception (Dimension 3) and imagery (Dimension 1). This attribute has emerged in another MDS study (Schiffman 1974a (Schiffman , 1974b , and, like fruitiness, it has been convergently identified as a basic term in odor classification studies by studies using diverse methodologies (Chastrette et al., 1988; Chastrette et al., 1986; Civille & Lawless, 1986; Jeltema & Southwick, 1986; Lawless, 1989) . Interestingly, these two attributes correspond to two of the six elements of Henning's (1916) smell prism.
The similarities uncovered in this study between the perception and imagery conditions provide correlational evi-dence supporting the existence of olfactory storage, and they suggest that in general the way in which one group of people perceives odors can be predicted by, or predictive of, how a separate group will organize the same odors when imagining (olfactizing) them. In both perception and imagery conditions, for example, a cluster of the fruity (fruit punch, banana, coconut, strawberry, and bubble gum) stimuli and other clusters of odorants (gasoline, leather, and menthol; cedar, clove, and gingerbread) appeared in roughly equivalent locations. These stimuli contain enough salient features to yield comparable processing in both perception and imagery. Our subjects' attribute correlations suggest that these clusters are mediated by fruitiness, strength, familiarity, and spiciness. However, these items are all slightly more dispersed in the imagery condition, as indexed by higher stress values and lower R 2 values in imagery than in perception. For instance, banana and bubble gum, two odorants grouped very closely in the perception condition, are located relatively far apart in the imagery condition, and cherry, which appears in the fruity grouping in the perception condition, seems to break off from the cluster in the imagery condition (see Figures 2 and 4) .
All of these findings concerning the similarities between the dimensions underlying both olfactory perception and olfactory imagery, as well as the findings that odor memory is impaired following odor imagery instructions for distractor stimuli (Crowder & Schab, in press) , and that psychophysical power functions for perceived and remembered odor intensities are parallel (Algom & Cain, 1990 , 1991 , ultimately support the idea of a second-order isomorphism between the internal representations and their external objects. Unlike a concrete, first-order isomorphism between each individual representation and its corresponding object, a second-order isomorphism is a more abstract kind of correspondence, between the functional relations among the internal representations on the one hand and the structural relations among the corresponding external objects on the other hand (Shepard, 1975; Shepard & Chipman, 1970). 3 Whatever neurophysiological events are taking place while one is merely imagining the external process in question, these events have much in common with the internal events that occur when one is actually perceiving the external process itself (Algom, Wolf, & Bergman, 1985; Shepard & Cooper, 1982) .
Along with the broad similarities emerging from MDS, there were also disparities between the odor perception and odor imagery conditions. For example, pleasantnessfoodlike and frequency-familiarity were highly correlated in the perception condition but not in the imagery condition; moreover, although females seemed to be more consistent in the imagery condition, this was not the case in the perception condition. This, along with the higher stress values and lower R 2 values in imagery than in perception and the more diffuse imagery groupings, leads us to question how strong a relationship there may be between olfactory perception and olfactory imagery.
In contrast to the findings of Gilbert et al. (1989) , there was no evidence for greater female consistency in the perception of odors. Their finding may have been a function of the limited stimuli set they used; there were only five odors in their MDS analysis, two of which were fruits and two of which were "woodlike." The present results suggest that when a more heterogeneous set of stimuli is used, the sex difference in odor judgment consistency may disappear. However, the fact that the imagery task showed positive results for greater female consistency precludes a definitive conclusion regarding the issue. The hypothesis needs further examination.
The aforementioned differences between the perception and imagery conditions do not refute the existence of olfactory imagery. Had the same subjects participated in both conditions, a larger degree of perceptual-imagery correspondence may have occurred. This, however, was not the aim of this study; its goal was to look for the broadest possible similarities between perceptual and imagery odor judgments. Furthermore, in a within-design study, had the perception condition been conducted before the imagery condition, similarity ratings in the latter condition could have been affected by subjects' memories of the former, especially if they had identified the odors (i.e., if they had labeled them). On the other hand, if the imagery condition had been conducted before the perception condition in a within-design study, the name labels from the former could have affected the similarity ratings of the latter and verbally mediated the response. This is something we wanted to avoid; that is precisely why we (a) chose to use MDS, (b) asked subjects to identify the odorants only once they had finished rating all the attributes of the perceptual stimuli (Experiment 1, Phase 1), and (c) did not ask subjects to identify the odorants when making the similarity judgments about the perceptual odorants (Experiment 1, Phase 2). Moreover, the criteria used in the first task, whatever they may have been, could have also confounded the criteria used in the second one. Even with the between-subjects design used in this study, consistencies between perception and imagery were found.
The consistencies between olfactory perception and olfactory imagery could be related to the two following hypotheses: greater salience in semantic mediation or a visual mediation effect. First, consider that these consistencies were a function of semantic mediation. Whereas MDS allows us to minimize the explicit use of words, perhaps subjects, while making similarity judgments in both the perception and imagery experiments, were referring to semantic memory and thus exerting a common influence through verbal mediation. In other words, maybe the semantic store (which would likely contain information that banana, coconut, strawberry, etc., are all fruit related) rather than perceptual and imagined qualities per se determined the common groupings. Such an interpretation would be supported by recent research concerning a facilitatory role of verbal encoding in odor recognition: Subjects who made verbal associations to an odor demonstrated superior odor recognition and recall performance when tested 24 hr (Lyman & McDaniel, 1990) or 7 days (Lyman & McDaniel, 1986) later; similarly, verbal suppression during presentation of olfactory stimuli can significantly worsen subsequent recall and recognition performance (Perkins & Cook, 1990) .
The semantic mediation hypothesis is more difficult to sustain, however, in the case of other groupings, for instance, in the groupings of cedar, gingerbread, and clove, or gasoline, leather, and menthol, because common semantic knowledge about these stimuli would not seem likely. Furthermore, verbal labels are not associated with odors as easily as they are with visual or other verbal stimuli (Davis, 1975; Engen, 1987; Lawless & Cain, 1975; Lawless & Engen, 1977; Richardson & Zucco, 1989) . It should also be noted that because in the perception condition (Experiment 1) subjects were not asked to identify or label the odorants in the similarity judgments (Phase 2) and asked to identify them only at the end of the attribute rating task (Phase 1), semantic mediation was not necessarily elicited. Moreover, as mentioned earlier, subjects' performance on identification was rather poor; on average, only a third of the subjects correctly identified each odorant, even though they had already rated them in terms of all 12 attributes. It has been shown previously that people are not good at naming even very familiar odors. An average person with a normal sense of smell can identify only about 50% of common odors, indicating that the link between names and odors is inherently weak (Engen, 1987) . It has been suggested that because subjects do not have access to a well-articulated representational system for labeling and classifying odors in terms of their perceptual properties, verbal encoding and rehearsal play a small role in the processing of olfactory experience (Richardson & Zucco, 1989) . Furthermore, the role of semantic mediation in remembering odors has been questioned (Engen, 1987) . Lyman and McDaniel (1990) maintain that verbal codes do not seem to have any special elaborative properties for odors, because visual elaboration has been found to be equally effective in enhancing recognition memory. These researchers have suggested that differential modality encoding, not verbal encoding per se, seems to be an important factor for effective elaboration of odors; subjects using olfactory imagery perform better on an olfactory recognition test than those who use visual imagery, and inversely, subjects who use visual imagery perform better on a picture recognition task.
Additionally, a visual mediation effect for odor recognition has been suggested. In one study, visual suppression led to inferior recognition performance (Perkins & Cook, 1990) , and in another, a visual cue aided later odor recall (Lyman & McDaniel, 1990) . Other findings by these researchers, nevertheless, clearly support a modality-specific imagery system for the olfactory domain: Subjects who used visual imagery performed better on a picture recognition task, and inversely, those who used olfactory imagery performed better on an olfactory recognition task. In any case, the visual mediation effect could not adequately be used here to account for the groupings that were consistent. The attribute that is the most related to visual mediation, location of the odor-emitting object (inside-outside), was not related to the dimensional axes. Second, although some of the odorants in the fruity cluster share a common visual property (e.g., strawberry and cherry are colored red), there is no specific visual commonality among other clusters (e.g., leather, gasoline, and menthol) that other stimuli do not also share. Thus, none of these hypotheses, semantic mediation or visual mediation, seem to be able to fully account for the present findings.
In addition to our findings concerning the existence and dimensions of olfactory imagery and their relationship to olfactory perception, the experiments reported here also yielded secondary findings which could be of general interest to olfaction research. For instance, the difficulty of applying verbal labels to an olfactory experience is clearly borne out by our results. The relationships found between the perceptual and imagined attribute ratings are instructive in this regard: perception pleasantness failed to reach significance with imagery pleasantness (r = .38, ns) but had a very strong correspondence to imagery irritation (r = -.77, p < .002) and an almost perfect relationship with imagery fruitiness (r = .92, p < .002). What is described as "pleasant" during odor perception may be best understood as "not irritating" or "fruity" during an odor imagery task. The near perfect correlation between perception pleasantness and perception irritation ratings is even more startling (r = -.95 and r = -.93, p < .001, for data obtained in this study and by Doty et al., 1984, respectively) . Perhaps "pleasantness," when mentioned in the olfactory context, can be best understood as "nonirritating," and low or high pleasantness scores are largely determined by a high or low degree of trigeminal irritation, respectively.
Furthermore, the present results could help orient future research in odor recognition, odor imagery, and odor recall. It is known, for example, that greater intralist dissimilarity leads to superior recall performance (Lawless, 1978) and that vice versa, performance can be decreased by choosing odorants that are closely associated in odor space (Engen & Ross, 1973) . Given that some odorants appear close to each other along each dimension in both the perception and imagery conditions (such as banana and strawberry, bubble gum and fruit punch, leather and gasoline, or gingerbread and clove), the use of these pairs of odors in the same task should be discouraged when distinguishability of odors is desired.
In conclusion, Levine and McBurney (1983) have claimed that "Of the many systems of classifying odors that have been proposed over the centuries, none has ever done much for the field except decorate textbooks" (p. 183). We do not wish to fall into the perennial trap of overstating the case for neat, easily identifiable classes of odors. The dimensions gleaned from MDS studies, like those reported here, are affected by the sample of stimuli used as well as by the expertise of the subjects. Likewise, the labels assigned to those dimensions are always best guesses subject to reinterpretation (Young & Hamer, 1987) . Nonetheless, as Lawless (1989) has suggested, it might be possible to identify the psychological dimensions for olfactory processing; it is our belief that MDS will be an invaluable tool for that enterprise. And ultimately, the experiments reported here, regardless of our ability to nail down the specific names of the dimensions, shed light on an important issue: The fact that the psychological space derived from having one group of subjects imagine a set of odors is predictive of, or predicted by, the space that organizes another group's perception of the same set of odors, lends support to the existence of olfactory imagery.
